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ABSTRACT 
During t h e  summer of 1984, a  t e s t  was performed 
t o  eva lua te  a  l o c a l  a i r  condit ioning duty cyc l ing  
device a s  a  t o o l  t o  reduce TUEC1s system summer peak 
demand. In  add i t ion  t o  t h e  l o c a l  duty cyc l ing  
device,  a  d i r e c t  load c o n t r o l  device using a  power 
l i n e  c a r r i e r  system was operated,  and the  r e s u l t s  
of the  two systems were compared. Thir ty s i n g l e  
family homes i n  Garland and Richardson were included 
i n  the  t e s t .  The homes1 a i r  condit ioning compres- 
s o r s  were con t ro l led  4  days per  week during t h e  t e s t  
per iod,  using t h e  l o c a l  and d i r e c t  c o n t r o l  systems 
on a l t e r n a t e  days. Both systems were programmed 
t o  cyc le  t h e  compressor o f f  30% of t h e  time when 
operat ing.  The days when no c o n t r o l  was performed 
were used a s  a  base f o r  comparison t o  the  days when 
the  a i r  condi t ioners  were con t ro l led .  
The l o c a l  c o n t r o l  device and the  d i r e c t  c o n t r o l  
device were both found t o  reduce demand of t h e  com- 
pressor  by about 0.65 kW a t  100°F ambient tempera- 
tu re .  Also, the kW reduct ion achieved was found t o  
increase  with higher  ambient temperatures. It was 
a l s o  shown t h a t  f o r  more oversized u n i t s ,  a  higher  
ambient temperature must be reached i n  o rder  t o  
achieve t h e  same demand reduct ion a s  a  properly 
s ized u n i t .  Both cont ro l  devices  were found t o  
cause a  minimum amount of discomfort t o  customers 
although they r a i s e d  the  temperature i n  t h e  homes 
about 2'F during t h e  h o t t e s t  p a r t  of t h e  day. The 
c o n t r o l  d i d ,  however, make e x i s t i n g  problems wi th  
a i r  condi t ioners ,  such a s  improper maintenance and 
extreme undersizing,  more no t iceab le  t o  t h e  customer, 
causing them t o  blame t h e  c o n t r o l s  f o r  t h e i r  d i s -  
comfort. F ina l ly ,  t h e  customers were found t o  look 
more favorably upon t h e  company a s  a  r e s u l t  of 
p a r t i c i p a t i n g  i n  t h e  t e s t  p ro jec t .  
INTRODUCTION 
During t h e  summer of 1984, a  t e s t  was per- 
formed t o  eva lua te  a  l o c a l  a i r  condit ioning duty 
cycl ing device a s  a  t o o l  t o  reduce TUEC's system 
summer peak demand. In a d d i t i o n  t o  the  l o c a l  duty 
cycl ing device,  a  d i r e c t  load c o n t r o l  device using 
a  power l i n e  c a r r i e r  system was operated,  and the  
r e s u l t s  of the two systems were compared. T h i r t y  
s i n g l e  family homes i n  Garland and Richardson were 
included i n  t h e  t e s t .  The homes' a i r  condi t ion ing  
compressors were con t ro l led  4  days per  week during 
the  t e s t  period, using t h e  l o c a l  and d i r e c t  c o n t r o l  
systems on a l t e r n a t e  days. Both systems were pro- 
grammed t o  cyc le  t h e  compressor o f f  30% of t h e  time 
when operat ing.  The days when no c o n t r o l  was 
performed were used a s  a  base f o r  comparison t o  t h e  
days when the a i r  condi t ioners  were con t ro l led .  
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OBJECTIVES 
Three o b j e c t i v e s  were defined f o r  t h i s  p r o j e c t .  
The f i r s t  o b j e c t i v e  was t o  t e s t  a  l o c a l  a i r  condi- 
t ion ing  duty cyc l ing  device t o  eva lua te  i ts  poten- 
t i a l  a s  a  load management t o o l .  The second was 
t o  compare the  e f f e c t s  of t h i s  device with a  pre- 
viously t e s t e d  power l i n e  c a r r i e r  load c o n t r o l  
system. The l a s t  o b j e c t i v e  was t o  determine the  
customer's a t t i t u d e  toward t h i s  type cont ro l .  
PROCEDURE 
The t e s t  was conducted during t h e  months of 
J u l y  through September of 1984. T h i r t y  s i n g l e  
family r e s i d e n t i a l  customers i n  Garland and 
Richardson. Texas, served by Texas Power & Light  
Company, a  d i v i s i o n  of Texas Utilities E l e c t r i c  
Company. were chosen t o  p a r t i c i p a t e .  Most of these  
customers had previously p a r t i c i p a t e d  i n  a  d i r e c t  
load c o n t r o l  s tudy  during t h e  summer of 1983. 
The l o c a l  c o n t r o l  device was connected i n  a  
s e r i e s  with t h e  thermostat c o n t r o l  wi re  which 
c o n t r o l s  t h e  con tac tor  of t h e  outdoor u n i t .  This  
e l e c t r o n i c  device has four  poss ib le  l e v e l s  of 
cyc l ing  which may be s e l e c t e d .  The device has 
c y c l e  off times of about 3.5, 4.5, 5.5, and 6.5 
minutes off  during each 15 minute cycle .  In addi- 
t i o n ,  the  device i s  equipped wi th  a  time delay of 
about 2.25 minutes between t h e  time t h e  thermostat 
c a l l s  f o r  coo l ing  and t h e  time t h e  condensing u n i t  
comes on. This  delay g i v e s  t h e  u n i t  a d d i t i o n a l  
p ro tec t ion  a g a i n s t  compressor f a i l u r e  caused by 
short-cycl ing.  For t h e  t e s t ,  it was s e t  t o  have 
an of f  t i m e  of 4.5 minutes and an on time of 10.25 
minutes. This  s e t t i n g  al lows a  maximum reduc t ion  
of t h e  demand of t h e  condensing u n i t  of 30%. 
The d i r e c t  c o n t r o l  device is  p a r t  of a  
b i - d i r e c t i o n a l  power l i n e  c a r r i e r  load management 
system. It is a  t h r e e  t i e r  system c o n s i s t i n g  of a  
c e n t r a l  c o n t r o l  computer (CCC), a  s u b s t a t i o n  
c o n t r o l l e r  (SC), remote t ransponders  and load 
c o n t r o l  r e c e i v e r s  (LCR) loca ted  on t h e  customer's 
premises. The CCC communicates over phone l i n e a  
with t h e  SC which is loca ted  a t  t h e  s u b s t a t i o n .  
The SC i n  t u r n  sends out commands over t h e  power 
l i n e s  t o  t h e  LCR t o  shed load o r  t o  t h e  transponder 
t o  send back load survey, meter ing,  and o t h e r  d a t a .  
The software of t h e  system has  3 l i m i t  of 24 duty 
cyc le  per iods  per  day. A c y c l e  time of 20 minutes 
( 3  per  hour) was chosen and on days when t h i s  system 
was used f o r  load c o n t r o l ,  t h e  a i r  condi t ioners  were 
were cycled f o r  8 hours  from 1  t o  9  p.m. During 
t h e  month of  Ju ly .  t h e  o f f  t imes f o r  each of t h e  
hourly o f f  c y c l e s  were s e t  a t  5. 7.5. and 5  minutes 
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f o r  a  t o t a l  of 17.5 minutes  o f f  per  hour .  The load  
c o n t r o l  r e c e i v e r s ,  however, have  a  random on-delay 
b u i l t  i n t o  them t o  avo id  hav ing  a l l  a i r  c o n d i t i o n e r s  
t u r n  back on s imu l t aneous ly .  T h i s  d e l a y  is from 0  
t o  2 minutes  l o n g ,  w i th  an  ave rage  of 1  minute f o r  
each o f f  c y c l e .  Thus t h e  a c t u a l  o f f  t ime each hour 
is about 20.5 minutes  o f f  p e r  hour ,  o r  a  maximum 
load r e d u c t i o n  of 34% of t h e  condensing u n i t  demand. 
A t  t h e  end of J u l y ,  t h e  program was modif ied  t o  
3, 5 minute  o f f  p e r i o d s  which y i e l d e d  on e f f e c t i v e  
maximum l o a d  r e d u c t i o n  of 30%, e q u i v a l e n t  t o  t h e  
l oad  r e d u c t i o n  l e v e l  s e t  on t h e  l o c a l  c o n t r o l  d e v i c e .  
Load su rvey  d a t a  was c o l l e c t e d  eve ry  15 
minutes  by t h e  power l i n e  c a r r i e r  sys tem f o r  ana ly -  
sis. Transponders  were  mounted on a  kwh meter  t o  
measure a i r  c o n d i t i o n e r  demand and on a  t empera tu re  
measurement d e v i c e  l o c a t e d  i n  t h e  cus tomer ' s  r e t u r n  
a i r  d u c t  t o  measure t h e  t empera tu re  i n  t h e  house.  
These d a t a  were s e n t  back t o  t h e  s u b s t a t i o n  con- 
t r o l l e r  o v e r  t h e  power l i n e  which r e l a y e d  t h e  d a t a  
over  phone l i n e s  t o  t h e  c e n t r a l  c o n t r o l  computer 
(CCC). Once a  week, t h e  l o a d  su rvey  d a t a  from t h e  
CCC was copied  t o  a t a p e  t o  be  t r a n s f e r r e d  t o  t h e  
Mesquite Data Center  f o r  a n a l y s i s .  
A h e a t i n g  and c o o l i n g  load  c a l c u l a t i o n  was 
performed on each house  and t h e  connected  kW and 
EER o f  each a i r  c o n d i t i o n i n g  u n i t  was determined 
based on ARI r a t i n g s  of t h e  equipment.  These d a t a  
a r e  summarized i n  Tab le  1 .  Ou t s ide  ambient temper- 
a t u r e  d a t a  used i n  a n a l y s i s  were N a t i o n a l  Weather 
Se rv i ce  hour ly  o b s e r v a t i o n s  f o r  t h e  Da l l a s -F t .  Worth 
Regional A i r p o r t .  
A  load  c o n t r o l  s c h e d u l e  was s e t  up t o  o p e r a t e  
each load  c o n t r o l  sys tem on v a r i o u s  days  of t h e  week. 
On Wednesdays and weekends, t h e  a i r  c o n d i t i o n e r s  
were n o t  c o n t r o l l e d ,  and d a t a  from t h e s e  days  were 
used a s  a  base  f o r  comparison w i t h  days  when t h e  
u n i t s  were c o n t r o l l e d .  On t h e  remaining days  of 
t h e  week, t h e  d i r e c t  and l o c a l  c o n t r o l  sys t ems  were  
a l t e r n a t e l y  o p e r a t e d  on a d a i l y  and weekly b a s i s .  
Table  2 shows t h e  c o n t r o l  s chedu le  used.  S ince  t h e  
l o c a l  c o n t r o l l e r  normal ly  o p e r a t e s  24 hour s  a  day ,  
a  14 day t ime c l o c k  was connected  i n  p a r a l l e l  w i t h  
t h e  c o n t r o l l e r  t o  bypass  i t  on "no c o n t r o l "  days  
and when t h e  d i r e c t  c o n t r o l  sys tem was used f o r  l o a d  




R e l i a b i l i t y  of t h e  c o n t r o l  sys t em cou ld  n o t  
be  d i r e c t l y  measured w i t h  t he  mon i to r ing  equipment 
used;  however, i n  examining t h e  h o u r l y  l oad  d a t a  
ob ta ined  from each cus tomer ,  i t  was f a i r l y  obvious  
which days  t h e  l o a d  c o n t r o l  u n i t s  were  working 
p rope r ly .  
Con t ro l  d e v i c e s  were  a l s o  p e r i o d i c a l l y  checked 
i n  t h e  f i e l d  t o  v e r i f y  t h a t  they were working. Load 
survey d a t a  and s p o t  checking v e r i f i e d  t h a t  a l l  of 
t h e  l o c a l  c o n t r o l  d e v i c e s  ope ra t ed  d u r i n g  t h e  t e s t  
pe r iod .  However, f i v e  t ime c l o c k s  t h a t  were  used 
t o  s w i t c h  c o n t r o l  d e v i c e s  f a i l e d  d u r i n g  t h e  summer. 
i n  s e v e r a l  c a s e s  caus ing  t h e  l o c a l  c o n t r o l l e r  t o  
o p e r a t e  on i n c o r r e c t  days .  Most o f  t h e  t ime  c l o c k  
f a i l u r e s  occu r red  n e a r  t h e  beg inn ing  o f  t h e  t e s t  
p e r i o d ,  and once they  were r e p l a c e d  they o p e r a t e d  
w e l l  f o r  t h e  remainder  of t h e  summer. Three  of t h e  
d i r e c t  l oad  c o n t r o l  d e v i c e s  d i d  n o t  f u n c t i o n  d u r i n g  
t h e  t e s t  a s  shown by t h e  load  su rvey  d a t a  c o l l e c t e d .  
T h i s  f a c t  was v e r i f i e d  by s p o t  checks .  Due t o  t h e  
u n a v a i l a b i l i t y  of replacement  c o n t r o l l e r s ,  however, 
t h e s e  u n i t s  were  n o t  r e p l a c e d .  A l l  o t h e r  d i r e c t  
c o n t r o l  d e v i c e s  appeared t o  o p e r a t e  p r o p e r l y  through- 
o u t  t h e  t e s t .  The d a t a  c o l l e c t i o n  sys tem f a i l e d  t o  
c o l l e c t  s u f f i c i e n t  u s a b l e  d a t a  on 8 days  d u r i n g  t h e  
t e s t  p e r i o d .  Data was n o t  i n c l u d e d  i n  a n a l y s i s  f o r  
days  when t h e  sys tem was down and f o r  t h e  cus tomers  
on days  when e i t h e r  c o n t r o l l e r  was known t o  be  
o p e r a t i n g  imprope r ly .  
EFFECT OF LOAD CONTROL ON DEMAND AND ENERGY SALES 
I n  o r d e r  t o  show t h e  e f f e c t s  o f  t h e  two t y p e s  
of c o n t r o l l e r s  on a  peak day ,  h o u r l y  d a t a  f o r  a l l  
cus tomers  w i t h  working c o n t r o l l e r s  were  averaged t o  
de t e rmine  t y p i c a l  l oad  c u r v e s .  These l o a d  c u r v e s  
were  developed f o r  weekday d a t a  on ly  s i n c e  a i r  
c o n d i t i o n i n g  u s e  is  normal ly  d i f f e r e n t  on weekends. 
For t h i s  compar issn ,  a l l  weekdays w i t h  a  d a i l y  
maximum tempera tu re  o f  98 o r  9g°F wgre ana lyzed .  
T h i s  y i e l d e d  6 days  of d a t a  f o r  t h e  l o c a l  c o n t r o l l e r ,  
2 days  f o r  t h e  d i r e c t  c o n t r o l  sys tem,  and 4  days  w i t h  
"no c o n t r o l " .  Days wi th  maximum tempera tu re s  above 
99°F were n o t  i nc luded  s i n c e  t h e r e  was no u s a b l e  d a t a  
a v a i l a b l e  f o r  "no c o n t r o l "  week d a y s  a t  t h e  h i g h e r  
t empera tu re s .  Data f o r  each s c e n a r i o  was ana lyzed  
from 6 a.m. t o  6 a.m. i n  o r d e r  t o  show t h e  e f f e c t s  
of t u r n i n g  o f f  t h e  l o c a l  c o n t r o l l e r  a t  midn igh t ,  
which caused a  change t h a t  c a r r i e d  over  i n t o  t h e  
fo l lowing  day. 
The f i r s t  six f i g u r e s  show t h e  r e s u l t s  of t h i s  
a n a l y s i s .  F i g u r e  1 shows t h e  h o u r l y  ave rage  ambient  
t empera tu re  f o r  t h e  days  ana lyzed  f o r  t h e  t h r e e  
c o n t r o l  s c e n a r i o s .  The a v e r a g e  maximum tempera tu re  
was app rox ima te ly  98.5'F f o r  each o f  t h e  groups  of 
days .  Ambient t empera tu re s  b a s i c a l l y  t r a c k  f o r  t h e  
t h r e e  groups  of days  between 6 a.m. and midn igh t ;  
however, t h e y  a r e  somewhat h i g h e r  f o r  t h e  "no c o n t r o l "  
days  s f t e r  midn igh t .  F i g u r e  2 shows t h e  ave rage  
h o u r l y  compressor demand f o r  t h e  t h r e e  groups  of days .  
The demands on t h e  no c o n t r o l  and d i r e c t  c o n t r o l  days  
a r e  abou t  t h e  same up t o  1  p.m., t h e  t ime a t  which 
t h e  d i r e c t  c o n t r o l  sys tem was i n i t i a t e d .  A drop  i n  
demand is t h e n  expe r i enced  which c o n t i n u e s  u n t i l  
9  p.m.. t h e  t ime  a t  which t h e  c o n t r o l  sys t em is  
r e l e a s e d .  Fol lowing t h e  r e l e a s e  of t h e  d i r e c t  con- 
t r o l  sys tem,  a s p i k e  i n  compressor  demand is  e x p e r i -  
enced a s  t h e  a i r  c o n d i t i o n i n g  sys t em r e c o v e r s  due t o  
h e a t  b u i l d  up i n  t h e  s t r u c t u r e .  On t h e  days  when t h e  
l o c a l  c o n t r o l l e r  was used ,  c y c l i n g  was performed f o r  
24 h o u r s ,  from midn igh t  t o  midn igh t .  It can be  s e e n  
t h a t  f rom 6 a.m. u n t i l  abou t  11 p.m. t h e r e  i s  a  
r e d u c t i o n  of demand, and when c o n t r o l  i s  r e l e a s e d  
a t  midn igh t ,  t h e r e  is a  s m a l l  r i s e  i n  demand a s  t h e  
a i r  c o n d i t i o n i n g  sys t em r e c o v e r s .  F i g u r e  3 shows t h e  
h o u r l y  d i f f e r e n c e  i n  demand c r e a t e d  by t h e  two t y p e s  
o f  c o n t r o l l e r s  a s  de t e rmined  f rom F i g u r e  2.  The 
l o c a l  c o n t r o l  d e v i c e  shows a  maximum demand r e d u c t i o n  
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o f  about 0.5 kW at  6 p.m.. and the direct  control 
device shows a maximum demand reduction o f  0.5 kW 
at  7 p.m. The maximum outside temperature was 
98-9g°F. The direct  control device shows a maximum 
increase i n  demand a t  1 a.m. the following day. 
Figure 4 shows the demand as measured a t  the b i l l i n g  
meter for the same group o f  days. Figure 5 shows 
the average hourly temperature inside the houses 
for the same group o f  days. I t  can be seen that  
the inside temperature on the direct  controls days 
i s  about the same as the no control days up u n t i l  
1 p.m. when control i s  i n i t i a t e d .  At that  t ime,  
the inside temperature r i s e s  s l i g h t l y  t o  a maximum 
o f  about 2°F d i f f e rence  a t  9 p.m. ' A f t e r  9 p.m.. 
when the direct  control i s  released, the ins ide  
temperature begins t o  come back down t o  the  same 
leve l  as on no control days. Using the  local  con- 
t r o l l e r ,  the inside temperature i s  increased by 
about 1°F i n  the morning and increases t o  a d i f f e r -  
ence o f  about 2°F at  8 p.m. When control i s  
released a t  midnight, the temperature begins t o  
drop back down to  no control l eve l s .  The hourly 
temperature change i s  shown i n  Figure 6 .  
In order t o  determine the varying e f f e c t  o f  
a particular load control scenario with ambient 
conditions, compressor demand was correlated with 
ambient temperature. Data used for t h i s  correlation 
consisted o f  a l l  houses with working control 
devices. Average compressor kW was calculated for  
each ambient temperature during the t e s t  period. 
Ideally,  the data used would be for weekdays only 
since air  conditioner usage i s  typical ly  d i f f e r e n t  
on weekends; however, no data was available for  
temperatures above 98OF on "no control" weekdays, 
so that data from the weekends was used as a e s t i -  
mate for temperatures above 98°F for "no control" 
days. Figure 7 shows the average compressor kW 
plotted versus ambient temperature, for each o f  the 
three control scenarios. There i s  no s ign i f i can t  
e f f e c t  o f  controlling the a i r  conditioners by duty 
cycling u n t i l  the outdoor ambient temperature i s  
above 90°F. At 100°F ambient temperature, the 
demand reduction was approximately 0.65 kW for both 
control systems. No data was available fo r  the 
local control system when the temperature was above 
100°F; however, the d irec t  control system showed 
reductions o f  about 0.8 kW a t  103OF. Figure 8 
shows the change in  compressor demand for the two 
control systems compared with no control ,  as a 
function o f  ambient temperature. 
Because each control scenario was not used the  
same number o f  days and the  cooling requirements 
vary from day t o  day. kWh usage for  the three 
d i f f e r e n t  scenarios could not be measured d i rec t l y .  
An estimate was made based on assuming each load 
control scenario was run every weekday for  the 
ent i re  t e s t  period. This estimate was made by 
f i r s t  calculating the average compressor kW for  
each hour a t  a given ambient temperature (data from 
Figure 7 )  and then multiplying that  average kW by 
the number o f  hours during the t e s t  period (July  1-  
September 25) a t  that temperature. I t  was assumed 
that there was zero demand by the compressor when 
the outside temperature was below 68°F. Both con- 
t ro l  scenarios were estimated t o  reduce t o t a l  
compressor kWh by an average o f  about 8 t o  9% on 
the days when the  u n i t s  were controlled.  The 
reduction o f  kWh as measured a t  the b i l l i n g  meter 
was estimated t o  be about 6% for  the d irec t  control 
system and about 4% for  the  local  control system 
on the days when the u n i t s  were controlled.  
Data was 'also analyzed t o  i so la te  the  e f f e c t s  
o f  load control on the three groups o f  houses based 
on structural  e f f i c i e n c y  and a i r  conditioner s i z ing .  
The group o f  standard e f f i c i e n c y  homes with properly 
sized equipment were an average o f  2% oversized,  
the energy e f f i c i e n t  structures with properly sized 
un i t s  were an average o f  0% oversized,  and the 
energy e f f i c i e n t  structures with oversized un i t s  
were an average o f  33% oversized.  Figure 9 shows 
the relationship between compressor demand and out- 
side temperature for  each o f  t he  three groups on 
"no control'' days only.  The measured demands fo r  
the three groups are approximately the  same up t o  
about 98°F. At that temperature, demand for  the  
energy e f f i c i e n t  structures with proper sized equip- 
ment begins t o  l eve l  o f f .  The demands i n  the 
energy e f f i c i e n t  homes with oversized u n i t s  and i n  
the standard e f f i c i e n c y  homes with properly sized 
equipment keep r i s ing .  The average ins ta l led  com- 
pressor kW o f  the  standard proper s i z e  group was 
5.1 kW; however, the average demand was only about 
4 kW a t  106°F. The average ins ta l led  compressor 
kW for  the energy e f f i c i e n t  properly sized group 
was 3.2 kW. The demand for  t h i s  group was shown 
t o  l eve l  o f f  a t  about 1.9 kW. For the  energy 
e f f i c i e n t ,  over sized group, the average ins ta l led  
compressor kW was 4.9,  and i t  only reached.a demend 
o f  about 3.9 kW at  105°F. Figures 10 - 12 show the 
dai ly  load curves for each o f  the three groups for 
the same days analyzed previously ( a l l  days with 
maximum temperature o f  98 or 99°F. The greatest 
demand reduction was experienced i n  the energy 
e f f i c i e n t  homes with properly sized un i t s  (Figure 
11). The l eas t  demand reduction was obtained i n  
the energy e f f i c i e n t  homes with over sized u n i t s  
(Figure 12). and the standard e f f i c i e n c y  homes with 
properly sized u n i t s  showed a demand reduction 
between the  other two groups (Figure 10). 
CUSTOMER REACTIONS AND PROBLEMS 
Feedback from the customers participating i n  the 
program was i n  general very favorable and posit ive.  
This i s  r e f l ec t ed  i n  the fac t  that  only three o f  
the 30 participants i n  the program chose not t o  
participate the following year. One o f  these three 
dropped out o f  the  program because he was very 
uncomfortable on days when h i s  u n i t  was controlled.  
This customer a lso  had the most undersized un i t  o f  
the group ( see  table  1 ,  customer 130. 29% under- 
s i z ed ) .  and had several other problems wi th  a i r  
d is t r ibut ion  as wel l .  The customer asked that  the 
controllers be removed from h i s  house a f t e r  only a 
week o f  controll ing.  The second chose not t o  
participate the following summer because he f e l t  
that the controller might damage h i s  a i r  conditioner. 
This customer had replaced h i s  a i r  conditioner 
during the spring o f  1984. The third customer 
chose not t o  participate the following summer 
because he was moving. 
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I n  t h e  p o s t  t e s t  survey.  seven cus tomers  
r epo r t ed  t h a t  t hey  were uncomfor table  on some o f  
t h e  days when c o n t r o l  was performed,  i n  a d d i t i o n  t o  
t h e  one customer who dropped from t h e  program. Two 
of t h e s e  complained f r e q u e n t l y  t h a t  t hey  were un- 
comfor t ab l e ;  however, t h e s e  problems could  be  
t r a c e d  t o  improper cha rg ing  of t h e  a i r  c o n d i t i o n i n g  
sys tem and poor  maintenance  of t h e  u n i t .  One of 
t h e s e  cus tomers  had a new a i r  c o n d i t i o n e r  i n s t a l l e d  
nea r  t h e  end of t h e  summer and d i d  no t  e x p e r i e n c e  
any d i scomfor t  a f t e r  t h a t  t ime.  The remaining f i v e  
s a i d  t h a t  t hey  were  s l i g h t l y  uncomfor table  on one 
o r  two days  d u r i n g  the  summer when t h e i r  u n i t  was 
c o n t r o l l e d  bu t  d i d  n o t  t h i n k  i t  was a  r e a l  problem. 
Only one p a r t i c i p a n t  r e p o r t e d  b e i n g  l e s s  comfor t ab l e  
i n  t h e i r  home compared w i t h  t h e  p r e v i o u s  summer, 
and t h i s  customer s a i d  t h a t  i t  was because  h e  was 
s e t t i n g  t h e  t he rmos ta t  h i g h e r  t o  s a v e  money. Two 
cus tomers  s a i d  t h a t  t hey  made some changes  i n  t h e i r  
a c t i v i t i e s  a s  a  r e s u l t  of t h e  program. Five  p a r t i -  
c i p a n t s  s a i d  t h a t  t hey  found something o b j e c t i o n a b l e  
abou t  t h e  program, i n c l u d i n g  f o u r  who mentioned 
be ing  o c c a s i o n a l l y  uncomfor table  and one who f e l t  
t h a t  t h e  c o n t r o l  might damage t h e  a i r  c o n d i t i o n e r .  
One customer a l s o  s a i d  h e  d i d  n o t  l i k e  t h e  f a c t  
t h a t  h e  had no c o n t r o l  over  t h e  sys tem.  About 
two- th i rds  of t h e  p a r t i c i p a n t s  r e p o r t e d  t h a t  they 
s e t  t h e i r  t h e r m o s t a t s  between 78 and 80°F; however, 
t h e  remaining cus tomers  s e t  them a s  low a s  68OF and 
a s  h igh  a s  85°F. Also ,  about  two- th i rds  of t h e  
cus tomers  r e p o r t e d  t h a t  t hey  v a r i e d  t h e  s e t t i n g  of 
t h e i r  t he rmos ta t .  
S ince  t h e r e  was a  concern  among some of t h e  
p a r t i c i p a n t s  t h a t  d u t y  c y c l i n g  might damage t h e i r  
a i r  c o n d i t i o n e r ,  a  s t r a t e g y  of p rov id ing  a i r  condi- 
t i o n e r  maintenance i n  l i e u  of a cash  r e b a t e  might 
reduce  a  l o a d  c o n t r o l  program's c o s t  a s  w e l l  a s  
a l l e v i a t e  t h e  conce rns  of t h e  crlstomer. For t h i s  
r ea son ,  cus tomers  were asked whether  they would be 
i n t e r e s t e d  i n  a  u t i l i t y  sponsored a i r  c o n d i t i o n e r  
maintenance program. A l l  b u t  two s a i d  t hey  would 
be  i n t e r e s t e d  i n  such a  program, and n i n e t e e n  f e l t  
i t  should  be  a  s e r v i c e  f o r  t h e  l o a d  c o n t r o l  program. 
Th i s  t ype  of s e r v i c e  migh t  a l s o  p rov ide  t h e  u t i l i t y  
w i t h  an  o p p o r t u n i t y  t o  i n s p e c t  and r e p a i r  l o a d  con- 
t r o l  equipment on a  r e g u l a r  b a s i s .  
Almost a l l  f e l t  t h a t  t hey  had b e n e f i t t e d  a s  a  
r e s u l t  o f  p a r t i c i p a t i n g  i n  t h e  p r o j e c t  because  of 
t h e  i n c e n t i v e  p a i d  them, bu t  many a l s o  s a i d  t h a t  
they f e l t  s a t i s f a c t i o n  i n  h e l p i n g  t h e  u t i l i t y  and 
t h e  energy s i t u a t i o n ,  and because  of t h e  e d u c a t i o n a l  
v a l u e  of p a r t i c i p a t i n g .  Near ly  a l l  of t h e  cus tomers  
r epo r t ed  t h a t  t h e i r  a t t i t u d e  toward TP&L was more 
f a v o r a b l e  a s  a  r e s u l t  o f  p a r t i c i p a t i n g ,  mainly  
because  they  b e l i e v e d  t h a t  t h e  company is  t r y i n g  t o  
h e l p  keep down t h e i r  f u t u r e  e l e c t r i c  b i l l s .  
ANALYSIS OF RESULTS 
The demand r e d u c t i o n s  achieved by t h e  two 
types  o f  c o n t r o l  sys t ems  were  app rox ima te ly  t h e  
same, which would be expec ted  s i n c e  they  were bo th  
programmed t o  a c h i e v e  t h e  same p e r c e n t  c y c l e  o f f  
t ime. Compressor demand was reduced by a n  ave rage  
o f  abou t  0 .5  kW a t  98 - 9g°F o u t s i d e  t empera tu re  
and abou t  0.65 kW a t  100°F o u t s i d e  t empera tu re .  
The ave rage  i n s t a l l e d  compressor  kW was about  3.9 kW. 
For 30% du ty  c y c l i n g ,  t h e  maximum a t t a i n a b l e  com- 
p r e s s o r  demand should  be  abou t  2.7 kW (70% of 3.9 kW) 
o r  a  maximum p o s s i b l e  demand r e d u c t i o n  of 1 .2  kW. 
At 100°F, bo th  c o n t r o l  sys t ems  showed a n  ave rage  
demand of abou t  2.6 kW which i s  s l i g h t l y  below t h a t  
which was expec ted .  For t h e  d i r e c t  c o n t r o l  sys tem,  
i t  can  be  observed t h a t  t h e r e  was no i n c r e a s e  i n  
compressor demand above 100°F. Although no d a t a  was 
a v a i l a b l e  above 100°F f o r  t h e  l o c a l  c o n t r o l  sys tem,  
i t s  demand should  a l s o  l e v e l  o u t  above 100°F. A s  
t h e  o u t s i d e  t empera tu re  i n c r e a s e s  above 100°F, 
demand r e d u c t i o n s  a t t a i n e d  i n c r e a s e  r a p i d l y .  For 
t h e  d i r e c t  c o n t r o l  sys tem,  a  demand r e d u c t i o n  of 
0 .8  kW was a t t a i n e d  a t  10Z°F. These r e s u l t s  a r e  
s i m i l a r  t o  t h o s e  o b t a i n e d  i n  t h e  d i r e c t  l o a d  c o n t r o l  
t e s t i n g  done d u r i n g  t h e  summer o f  1983. R e s u l t s  
of t h i s  s t u d y  can be  found i n  t h e  r e p o r t  e n t i t l e d  
"Rockwell Load Con t ro l  P r o j e c t ,  Phase  11. F e a s i b i l i t y  
of D i r e c t  R e s i d e n t i a l  A/C Con t ro l " ,  d a t e d  Janua ry ,  
1986. I n  t h i s  p r e v i o u s  s t u d y ,  a  s l i g h t l y  s m a l l e r  
demand r e d u c t i o n  was found (about  0 .6  kW a t  100°F 
o u t s i d e  t empera tu re ) .  However, t h e  t y p i c a l  house  
i n  t h e  1983 s t u d y  had a  s l i g h t l y  more o v e r  s i z e d  
a i r  c o n d i t i o n e r  t han  i n  t h e  1984 s t u d y  (12% v s .  l o % ) ,  
which may e x p l a i n  t h i s  d i f f e r e n c e .  
It was found t h a t  bo th  c o n t r o l  sys tems reduced 
e l e c t r i c a l  energy used by t h e  compressor  by about  
9%,  t h e  d i r e c t  c o n t r o l  reduced t h e  kWh measured a t  
t h e  b i l l i n g  me te r  by abou t  6%. and t h e  l o c a l  c o n t r o l  
reduced t h e  kWh measured a t  t h e  b i l l i n g  meter  by 
abou t  4X. The s m a l l e r  kWh r e d u c t i o n  of t h e  l o c a l  
c o n t r o l l e r  may be  e x p l a i n e d  by t h e  f a c t  t h a t  i t  was 
o p e r a t e d  24 hour s  whereas  t h e  d i r e c t  c o n t r o l l e r  was 
o p e r a t e d  f o r  on ly  8 h o u r s .  S ince  t h e  l o c a l  con- 
t r o l l e r  was r u n  21) h o u r s ,  i t  was o p e r a t i n g  a t  lower  
t empera tu re s  f o r  mcjre h o u r s  t han  t h e  d i r e c t  c o n t r o l .  
The e x t r a  kwh f o r  t h e  l o c a l  c o n t r o l l e r  was probably  
a  r e s u l t  of a n  i n c r e a s e d  run  t i m e  f o r  t h e  a i r  h a n d l e r  
a t  lower  o u t s i d e  t empera tu re s ;  however,  a i r  h a n d l e r  
demand was n o t  d i r e c t l y  measured.  Although t h i s  
would d e c r e a s e  t h e  demand r e d u c t i o n  a t  lower  temper- 
a t u r e s ,  i t  would n o t  be  a s  i m p o r t a n t  a  f a c t o r  a t  
h i g h e r  t empera tu re s  when t h e  a i r  h a n d l e r  would 
normal ly  run  f o r  a  h i g h e r  p e r c e n t a g e  of t ime.  I f  
t h e  c o n t r o l l e r s  had been o p e r a t e d  on eve ry  weekday 
o f  t h e  summer, t h e  kWh r e d u c t i o n s  would have  been 
approximate ly  6% f o r  t h e  compressor  and abou t  3-4% 
f o r  t h e  b i l l i n g  me te r .  These kWh r e d u c t i o n s  a r e  
s u b s t a n t i a l l y  h i g h e r  t han  t h o s e  e s t i m a t e d  i n  t h e  
p r e v i o u s  summer o f  t e s t i n g .  I n  t h e  1983 l o a d  c o n t r o l  
t e s t i n g ,  i t  was found t h a t  compressor  kWh were  r e -  
duced by abou t  3% and b i l l i n g  kWh by a b o u t  2% on 
days  when t h e  compressors  were  c y c l e d  30%. T h i s  
d i f f e r e n c e  i s  due t o  t h e  f a c t  t h a t  1983 was a  much 
c o o l e r  t han  ave rage  summer, whereas  1984 was a  
f a i r l y  t y p i c a l  summer. T h e r e f o r e ,  t h e  kWh r e d u c t i o n s  
observed i n  t h i s  s t u d y  a r e  p robab ly  more r e p r e s e n t -  
a t i v e  of what would be t y p i c a l l y  o b t a i n e d .  I n  
g e n e r a l ,  t h e  more days  t h e  u n i t  i s  c o n t r o l l e d  and 
t h e  h o t t e r  t h o s e  days  a r e ,  t h e  g r e a t e r  t h e  o v e r a l l  
r e d u c t i o n  i n  kWh usage  w i l l  b e .  
As shown i n  F i g u r e  9 ,  t h e  ene rgy  e f f i c i e n t  
homes w i t h  p r o p e r l y  s i z e d  equipment show no i n c r e a s e  
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i n  compressor demand above 100aF under normal con- 
d i t i o n s  (no c o n t r o l ) ,  s i n c e  t h e  u n i t s  r each  a  
c o n d i t i o n  of 100% r u n  t ime  a t  t h i s  p o i n t .  At t h e  
p o i n t  where t h e  u n i t  r e a c h e s  100% r u n  t ime  under  no 
c o n t r o l  c o n d i t i o n s ,  t h e  maximum demand r e d u c t i o n s  
may be ach ieved ,  e q u a l  t o  t h e  pe rcen tage  c y c l e  o f f  
t ime m u l t i p l i e d  by t h e  connected  kW. T h e r e f o r e ,  
f o r  a n  energy e f f i c i e n t  s t r u c t u r e  w i t h  a  p r o p e r l y  
s i z e d  u n i t ,  t h e  maximum demand r e d u c t i o n  may be  
achieved a t  o u t s i d e  t empera tu re s  a s  low a s  100°F. 
On t h e  o t h e r  hand, t h e  energy e f f i c i e n t  homes wi th  
over  s i z e d  u n i t s  c o n t i n u e  t o  have an  i n c r e a s i n g  
compressor demand above 100°F under  no c o n t r o l  con- 
d i t i o n s .  Thus c y c l i n g  below 100°F w i l l  have  l i t t l e  
e f f e c t  on demand s i n c e  t h e  u n i t s ,  which a r e  a n  
average  of 30% over  s i z e d ,  w i l l  a l r e a d y  be  c y c l i n g  
o f f  30% of t h e  t ime a t  d e s i g n  c o n d i t i o n s .  The 
s t a n d a r d  e f f i c i e n c y  s t r u c t u r e s  w i th  p r o p e r l y  s i z e d  
u n i t s  showed less demand r e d u c t i o n  t h a n  t h e  e f f i -  
c i e n t  s t r u c t u r e s  w i t h  p r o p e r l y  s i z e d  u n i t s .  T h i s  
may be  e x p l a i n e d  by t h e  f a c t  t h a t  t h e  s t a n d a r d  
s t r u c t u r e s  had s l i g h t l y  more o v e r s i z e d  u n i t s  (2% 
vs .  0%)  and t h e  f a c t  t h a t  t h e  t e m p e r a t u r e s  i n s i d e  
t h e  s t a n d a r d  e f f i c i e n c y  s t r u c t u r e s  were  s e t  a t a n  
ave rage  o f  abou t  2OF h i g h e r ,  which t e n d s  t o  c a u s e  
more n a t u r a l  d i v e r s i t y .  
A l l  of t h e  s e r i o u s  cus tomer  compla in t s  about  
be ing  uncomfor table  when t h e i r  a i r  c o n d i t i o n e r s  
were be ing  c o n t r o l l e d  could  be  t r a c e d  back t o  
problems w i t h  t h e  i n s t a l l a  t i o n  o r  maintenance  o f  
t h e  system. Aside  from t h e s e  problems,  none of 
t h e  p a r t i c i p a n t s  were a f f e c t e d  by t h e  c o n t r o l l i n g  
t o  t h e  p o i n t  t h a t  t hey  d i d  n o t  want t o  c o n t i n u e  
p a r t i c i p a t i n g  i n  t h e  program. Fur thermore ,  t h e  
program had t h e  e f f e c t  of improving t h e  cus tomer ' s  
image o f  t h e  u t i l i t y  by showing them t h a t  t h e  
company is t r y i n g  t o  do something t o  h e l p  them. 
Thus i t  can be concluded t h a t  t h i s  t y p e  o f  program 
can be  a c c e p t a b l e  f o r  most cus tomers .  
The on peak demand r e d u c t i o n s  which c a n  be  
ob ta ined  by d u t y  c y c l i n g  r e s i d e n t i a l  a i r  condi-  
t i o n e r s  u s i n g  d i r e c t  l oad  c o n t r o l  o r  u s i n g  l o c a l  
load c o n t r o l  a r e  b a s i c a l l y  t h e  same. D i r e c t  l o a d  
c o n t r o l ,  however, h a s  t h e  advantage  t h a t  c o n t r o l  
i s  o n l y  e x e r c i s e d  by t h e  u t i l i t y  when i t  is  needed. 
Thus t h e  cus tomer ' s  comfor t  w i l l  n o t  be  a f f e c t e d  
a s  o f t e n .  Also ,  d i r e c t  l oad  c o n t r o l  may be  used 
i n  an  emergency s i t u a t i o n  t o  t u r n  t h e  a i r  condi-  
t i o n e r  comple t e ly  o f f .  I n  a d d i t i o n  t o  t h e  f l e x i -  
b i l i t y  i n  c o n t r o l l i n g  cus tomer ' s  l o a d s ,  a  two-way 
d i r e c t  l o a d  c o n t r o l  sys tem h a s  a d d i t i o n a l  b e n e f i t s  
such a s  t h e  p o s s i b i l i t y  of remote  me te r  r e a d i n g  
and d i s t r i b u t i o n  automat ion.  However, a  l o c a l  
c o n t r o l l e r  would c o s t  much l e s s  than a  d i r e c t  
c o n t r o l  sys t em i f  a i r  c o n d i t i o n i n g  c o n t r o l  was t h e  
on ly  d e s i r e d  f u n c t i o n .  Fur thermore ,  t h e  c a p a b i l i t y  
might be  b u i l t  i n t o  t h e  l o c a l  c o n t r o l l e r  t o  a l l o w  
i t ,  f o r  example, t o  o p e r a t e  o n l y  on weekdays, 
du r ing  t h e  u t i l i t y ' s  peak hour s  t o  minimize  any 
inconvenience  t o  t h e  cus tomer .  
CONCLUSIONS 
A l o c a l  a i r  c o n d i t i o n i n g  d u t y  c y c l i n g  d e v i c e  
may be  used a s  a n  e f f e c t i v e  means of r educ ing  a  
u t i l i t y ' s  summer sys t em peak demands. Reduc t ions  
o f  abou t  0 .65  kW were o b t a i n e d ,  c y c l i n g  t h e  com- 
p r e s s o r  o f f  f o r  30% o f  t h e  t i m e ,  a t  d e s i g n  condi-  
t i o n s  (lOO°F ambient  t e m p e r a t u r e ) ,  and t h e s e  
r e d u c t i o n s  shou ld  be  g r e a t e r  a t  h i g h e r  ambient  
t empera tu re s .  The e f f e c t  o f  t h e  c o n t r o l l e r  was 
a l s o  found t o  be a  f u n c t i o n  of t h e  o v e r s i z i n g  o f  
t h e  a i r  c o n d i t i o n i n g .  For an  o v e r s i z e d  u n i t ,  o f f  
c y c l e s  must be  l o n g e r  o r  ambient  t e m p e r a t u r e s  muot 
be  h i g h e r  t o  a c h i e v e  t h e  same demand r e d u c t i o n s .  
The e f f e c t  o f  t h e  l o a d  c o n t r o l  d e v i c e  on peak demand 
was found t o  be t h e  same a s  t h e  e f f e c t  of a  d i r e c t  
c o n t r o l  d e v i c e .  There  a r e  advan tages  t o  each  sys tem 
which must be  weighed b e f o r e  d e c i d i n g  which is more 
a p p r o p r i a t e .  F u r t h e r ,  t h e  l o c a l  c o n t r o l  d e v i c e  
was found t o  c a u s e  a  minimum amount o f  d i s c o m f o r t  
t o  cus tomers  a l t h o u g h  i t  d i d  r a i s e  t e m p e r a t u r e s  i n  
t h e  homes a b o u t  2°F d u r i n g  t h e  h o t t e s t  p a r t  of t h e  
day.  The c o n t r o l  d i d  however make e x i s t i n g  problems 
w i t h  a i r  c o n d i t i o n e r s  more n o t i c e a b l e  t o  t h e  
cus tomer ,  c a u s i n g  them t o  blame t h e  c o n t r o l l e r  f o r  
t h e i r  d i s c o m f o r t .  F i n a l l y ,  cus tomers  were found 
t o  l o o k  more f a v o r a b l y  upon t h e  u t i l i t y  a s  a  r e s u l t  
o f  p a r t i c i p a t i n g  i n  t h i s  t e s t  p r o j e c t .  
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AVERAGE AMBIENT TEMPERATURE VS. HOUR 
FOR W W M Y S  W l H  W U Y  TDlPDURHIE OF 08 OR 80 F 
AVERAGE BILLING DEMAND VS. HOUR 
FOA wWDAISYlTnwuYUY ~ N P E f f 0 8 0 R B O F  
NOON 6 PY 6 AY 6 AY NOON 6 PY MIDNIGHT 6 U 
AVERAGE COMPRESSOR DEMAND VS. HOUR 
FOR l Y m W Y S  YtlH W U U U  IUPDUILRE OF 88 OR 88 F 
AVERAGE INSIDE TEMPERATURE VS. HOUR 
FMI WWD*YS WlTn UAXIUUU WERANRE OF 98 OA99 F  
6AY NOON 6 PU U W O I T  6AY 6 W  NOON 6 PU UDNGHT 6 U 
CHANGE IN COMPRESSOR DEMAND VS. HOUR 
BElWW NO CONTROL AND CCONTOL DAYS 
NOON 6 PU 6 AY 6AU NOON 6 W 6 AY 
CHANGE IN INSIDE TEMPERATURE VS. HOUR 
BElWW NO UINTROL AED CONlRDL CAYS 
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AVERAGE COMPRESSOR DEMAND VS. AMBIENT TEMPERATURE 
CHANGE IN COMPRESSOR DEMAND VS. AMBIENT TEMPERATURE 
BEIWW NO CONTROL LW C O ~ O L  Mn 
AVERAGE COMPRESSOR DEMAND VS. AMBIENT TEMPERATURE 
m STRUCTWIEAND wlpumr GROUP 
FOR no m O L  ME 
AVUiGCE COMPRESSOR DEMAND VS. HOUR 
FOR wmxn WIM WUWY ID,UJ~NRE OF en OR 90 F 














6W NOON 6 PY YDNlCnT 
AVERAGE COMPRESSOR DEMAND VS. HOUR 
FOR w m n  WIM Y ~ Y ~ Y U Y  I D I ~ I I J R E  OF PI OR BE F 
C I ~ l c l O l r  - P 8 O ) L U V  SITLD 
6 1Y NOON 6 PM 
AVERAGE COMPRESSOR DEMAND VS. HOUR 
FOR 'LYm(Mrj WIM WUYUY TEYPmIIJRE OF PI OR 99 F 
a w u i I c I u r  - ovu s~m 
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AIR CONDITIONING EQUIPMENT AND STRUCTURE DATA 
Group A - P r o p e r l y  s i z e d  e q u i p m e n t ,  non e n e r g y  e f f i c i e n t  home 
Group  B - P r o p e r l y  s i z e d  e q u i p m e n t ,  e n e r g y  e f f i c i e n t  home 
Group  C - O v e r s i z e d  eqyuoneb tm e n e r g y  e f f i c i e n t  home 
ID Group S q . F t .  Req 'd .  I n s t .  EER % Over-  S q . F t .  D e s i g n  














































































T a b l e  1 
1984 A i r  C o n d i t i o n i n g  C o n t r o l  S c h e d u l e  
Monday T u e s d a y  Wednesday T h u r s d a y  
--
DIRECT LOCAL NO CONTROL DIRECT 
LOCAL DIRECT NO CONTROL LOCAL 
DIRECT LOCAL NO CONTROL DIRECT 
LOCAL DIRECT NO CONTROL LOCAL 
DIRECT LOCAL NO CONTROL DIRECT 
LOCAL DIRECT NO CONTROL LOCAL 
DIRECT LOCAL NO CONTROL DIRECT 
LOCAL DIRECT NO CONTROL LOCAL 
DIRECT LOCAL NO CONTROL DIRECT 
LOCAL DIRECT NO CONTROL LOCAL 
DIRECT LOCAL NO CONTROL DIRECT 
LOCAL DIRECT NO CONTROL LOCAL 
DIRECT LOCAL NO CONTROL DIRECT 
T a b l e  2 
171 
656 
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